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Introduction
It is believed that the sympathetic nervous system through its
peripheral distribution, and possibly through central connections,
exerts, at least' in part, a control on vasomotor tonus.
In recent years, several series of experiments on dogs have been
conducted in this laboratory to determine the course of vasomotor
fibers as measured by thermic changes in the feet after arterial liga-
tion and section of the spinal cord at various levels.0"1 The
occurrence of vasodilatation in the dog's foot was observed after
hemisection or transection of the spinal cord at a level as high as
C-1. It seemed advisable subsequently to investigate the possibility
of a central vasomotor regulatory mechanism, and to fix, if possible,
the locus of control of this particular phenomenon. Furthermore,
it seemed important to consider two other functions;--the r8le of
arterial blood pressure changes, and the r8le of body temperature
changes in connection with peripheral temperature manifestations
induced by sympathetic nervous system control. The present com-
munication is a report on the approach which has been made to these
problems.
Review of the Literature
For more than half a century, the question of the existence of
a vasomotor center has occasioned theoretical speculation and experi-
mental investigation. As early as 1870, Owssjannikow,'2 a pupil of
Ludwig's, stated that the floor of the fourth ventricle, more specif-
ically the formatio reticularis grisea, was the seat of a "main" vaso-
motor center. In 1873, Dittmar,10 after a study of serial sections
of the medulla oblongata, reported the existence of a vasomotor
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center in the brain stem. In Bechterew's laboratory, Brustein8 con-
ducted experiments on dogs and demonstrated that electrical stimu-
lation of the floor of the fourth ventricle resulted in an immediate
fall of blood pressure. Again the conclusion was reached that the
formatio reticularis grisea was the seat of a vasomotor center. In
1932, Nordman and Muller28 carried out similar experiments and
their results agreed essentially with earlier findings.
Scott and Roberts,38 in their publication in 1923, briefly reviewed
the work of Dittmar,"0 Miller and Bowman,23 Ranson and Billings-
ley,36 Bayliss,3 Porter,34 and Porter and Turner" in regard to the
question of a distinct vasoconstrictor versus a vasodilator center in
the medulla. Scott and Roberts found that in the cat medulla, elec-
trical stimulation of the area postrema caused slowing of the heart
beat and peripheral vasodilatation; similar stimuli applied to the
inferior fovea resulted most frequently in a rise of blood pressure.
In their conclusions they confirm the existence of a "depressor
point" in the area postrema, previously noted by Ranson and Bil-
lingsley,36 but they believe that the evidence is insufficient to desig-
nate an area for the vasoconstrictor center distinct from a vaso-
dilator center.
Muller25 has tentatively placed a vasomotor center in the corpus
Luysi. Leiter and Grinker,22 through a carefully controlled series
of experiments on cats in which every possible hypothalamic area
was electrically stimulated (site of stimulation was checked by histo-
logic studies), came to the conclusion that there was inadequate
evidence to support the belief in a superior vasomotor center in the
hypothalamus.
A concisely stated review of the literature on central representa-
tion of temperature control is given by Bazett, Alpers, and Erb.5
These authors state that: "Hasama[l] found that electrical, mechan-
ical or thermal stimulation of the base of the brain between the
corpora mammillaria and a point slightly cephalic to the tuber
cinereum gave changes in body temperature accompanied by sweat-
ing; cooling of this area induced a rise of rectal temperature,
warming a fall." The most sensitive area lies from I to 3 mm.
lateral to the midline according to this author. Keller and Hare20
reported that removal of the hypothalamus alone destroys the
capacity of cats to control their temperatures. In 1884, Ott29
showed that the thermal control centers were situated in the neigh-
borhood of the corpus striatum, and later, in 1891, placed the reac-
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tions of polypnea and other thermolytic reactions more precisely in
the tuber cinereum. Emphasis was placed on the importance of the
corpus striatum by Aronsohn and Sachs,' Barbour,2 and Hashi-
moto;"5 the functional importance of the tuber cinereum area was
supported by the work of Isenschmidt, Krehl, and Schnitzler."7
The probable importance of centers situated very close to the third.
ventricle and readily affected by damage to the ventride has been
emphasized by Jacobi and Roemer"8 and by Gordon.' The polyp-
neic response to heat has been observed not to be affected seriously
by removal of the corpus striatum or by the so-called cold puncture
(passing dorsoventrally between the diencephalon and mesen-
cephalon to the substantia perforata), according to Nemoto and
Sato.27 On the other hand, it is prevented by decerebration at the
collicular level (Bazett and Penfield,' Bazett,4 Sherrington,"
Ozorio de Almeida andXavier,83 andKeller andHare20). Bruman7
found that puncture injuries in the thalamus, hypothalamus, corpus
striatum, and septum pellucidum might all cause derangements of
temperature control, and that no exact localization by the puncture
method was to be anticipated.
Rogers37 places a thermal center in the thalamic area in his
experiments on birds. Among those who believe that the medulla
also plays a role in temperature regulation are Jelsma,1' Hasama,"4
and Keller and Hare.20 The so-called centers in the medulla, how-
ever, are considered as not completely isolated, but capable of
responding to influences from still higher levels.
Methods and Mater4als
Dogs were used as the only experimental animal. As far as possible
only young dogs weighing between 17 and 20 kg., of the long-haired
mongrel type, were selected.
In all of the experiments sodium amytal was used as the anesthetic.
Each dog received by intraperitoneal injection 0.5 cc. of a 10 per cent solu-
tion per kilo of body weight. The experiment was started by giving the
dog 2/3 of the calculated full dose, injecting the other 1/3 just before the
major operative procedures, if the anesthesia seemed light. This routine
was followed for all dogs unless otherwise specified in the individual protocols.
The animal was attached by a system of thermocouples to a Leeds &
Northrup temperature recorder. In recording the temperature the thermo-
couples (leads I, II, III, IV) were always applied as follows: I-right hind
paw, II-left hind paw, III-rectum, IV-room temperature. The auto-
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matic registration of these temperatures occurred about once in three minutes
for each lead. A continuous record was obtained throughout the operation
and for such time intervals following as seemed advisable. All experiments
were carried out in a constant temperature room in which the temperature
was maintained at 700 F. throughout the entire period of experimentation
and in which the relative humidity was maintained at 50 per cent.
Operative Procedures
All operative procedures were carried out under aseptic pre-
cautions. On all dogs the right and left femoral arteries were
ligated. The ligature was placed on the arteries just below
Poupart's ligament, or the arteries were ligated just above the pro-
funda femoris branch, while a temporary ligature was also placed
on the arteries just below Poupart's ligament.
With the main blood supply to the lower extremities thus oblit-
erated, a peripheral vasoconstriction was established in from one
to two hours, indicated on the temperature recording charts by leads
I and II registering at the level of the temperature maintained in
the room. When the peripheral vasoconstriction had been com-
pleted, the dogs were prepared for the second stage of the experi-
ment. For convenience, the experiments may be divided into three
groups.
Group I (Experiments 13 to 23 inclusive)
The animal was placed on his belly, the head was shaved and
supported on a horse-shoe-shaped stand. The padded ring was
placed so as to allow its open portion to be under the dog's throat,
thus allowing for forward flexion of the head with a minimum of
tracheal compression. If necessary, a further injection of sodium
amytal was given at this stage. Under sterile conditions a midline
incision was made, commencing just above the lambdoidal suture
and extending down the neck region for about 10 cm. The incision
was then carried down through the fascia and periosteum. With a
periosteal elevator, the muscles and periosteum were freed and
retracted laterally. Just below the lambdoidal suture and in the
midline, a burr-hole was made through the occipital bone, and suffi-
cient bone was rongeured away to give a defect with a transverse
diameter of not more than 1.5 cm. In length the exposure varied,
but always included a removal of the bony structures forming the
posterior portion of the foramen magnum. Subsequently the dura
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was incised, visualizing the tip of the vermis cerebelli and the lower
portion of the brain stem. The cisterna magna was punctured and
the vermis cautiously retracted until the floor of the fourth ventride
could be identified. With a sharp paracentesis knife, lesions were
made in the floor of the fourth ventricle. For the exact location of
these, see Table 1 and the protocols.
If a peripheral temperature reaction followed the lesion, and if
the animal survived it was allowed to remain in the constant
temperature room for from 12 to 16 hours, and was then returned
to its cage. The animal was given H20 as soon as it came out of
anesthesia. Neurological examinations were made daily for three
to four days postoperatively. Postoperative temperature records
were obtained at about weekly intervals. The animal was trained
to lie quietly on a mattress, in such a fashion as to allow the best
exposure of its hind limbs-only a narrow band placed around its
thorax and attached to the mattress restrained the animal. These
postoperative records were usually taken over periods of three or
four hours.
Group II (Experiments 24 to 32 inclusive)
The procedures in this group were essentially those of Group I
with this exception: following the ligation of the femoral arteries
and the establishment of peripheral vasoconstriction, and after the
exposure of the region of the brain stem (the dura having been left
intact), the femoral arteries were connected with an apparatus to
determine blood pressure. This consisted of a Kaufman-Luer
syringe, one end of which was inserted and tied into a femoral
artery. The side tip of the syringe was connected with rubber
tubing containing 10 per cent sodium citrate, which in turn was
attached to a mercury manometer. It was thus possible to obtain
records of the blood pressure in each hind limb. After the blood
pressure was determined, the dog's head was turned on its left side,
while the trunk and leg remained with their dorsal surfaces facing
the dog-board. Blood pressure readings were taken at intervals of
five minutes. The dura was then incised, the floor of the fourth
ventride exposed, and a suitable lesion was then made. Each step
of the procedure and its time of occurrence were noted on the
blood pressure charts.
The postoperative temperature records were taken on animals in
this group as in Group I.
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Group III (Experiments 1 to 12 inclusive)
This group consists of 12 experiments in which the experimental
conditions were the same as in Group I, but the lesions were made
in various portions of the brain stem, thus: cerebral peduncle, right
side at point of exit of third nerve, one; pituitary body, right side,
one; thirdventride (approach through corpus callosum), six; mam-
millary bodies (unilateral injury), McLean approach, four. As
injuries to these regions showed no peripheral temperature reaction,
this work was chiefly devoted to a more careful exploration of the
floor of the fourth ventride.
Protocols
Protocol I. (12-18-34) Dog 36-male, chow, weight 23.7 kg.
Sodium amytal anesthesia (2/3 of calculated full dose).
The animal was attached to the Leeds & Northrup temperature recorder.
Lead I to the right paw; lead II, left paw; lead III, rectum; lead IV,
registered room temperature. All procedures were carried out in the con-
stant temperature room at 700 F.
The operative technic has already been described.
With a paracentesis knife, a superficial injury was made in the posterior
portion of the area postrema, about 1 mm. above the obex on the left side.
This superficial injury was followed by an immediate but slight- (40 F.)
rise in peripheral temperature (bilateral), which was not sustained. A
second lesion at the same site but deeper (about 1 mm.) produced an
immediate bilateral temperature response. Lead I, right, attained a maximum
rise of 120 F. in 15 minutes; lead II, left, a maximum rise of 210 F. in
35 minutes. On the right side, a decline of peripheral temperature to that
of the temperature of the room was obtained in 1Y2 hours; on the left side,
a similar change took place in 2 hours.
Twelve hours after the first rise following the injury, a second spontan-
eous elevation of peripheral temperature was observed on the left side, gaining
a maximum of 160 F. in 45 minutes and returning to room temperature in
2 hours. After this the dog came out of anesthesia. With the attempt at
walking motions, there was a fluctuating bilateral temperature response in
the periphery.
Throughout the period of observation (22 hours) the rectal temper-
ature showed very little change. There was a gradual rise of 20 F. during
the procedure, which gradually fell again toward the end of the experimental
period.
After 22 hours of observation in the constant temperature room, the
animal was taken to his cage. He was able to drink water and milk. No
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neurological disorders were noted except a marked general weakness and
flaccidity in all limbs. The neck was painful to touch.
12-19-34. First postoperative day. Dog alert, taking water and
milk-no neurological signs.
Postoperative temperature records.
12-21-34. Bilateral peripheral temperature rise sustained-varying
between 200 and 280 F. above room temperature.
12-28-34. Fluctuating curves, both for leads I and II, varying between
100 and 200 F. above room temperature.
1-2-35. Rapid decline to room temperature in both leads-subsequent
slight fluctuations.
1-12-35. Irregular curve-rising and falling in both leads.
1-26-35. Bilateral elevation of peripheral temperature (fluctuating).
Lead II 2-3° F. higher than lead I.
2-2-35. Gradual decline of leads I and II to room temperature.
Lead I in 2 hours; II in 3 hours.
Sacrificed 2-14-35. No wound infection or exudate noted. The cere-
bellum and the brain stem were removed-no gross abnormality seen in these
tissues; fixed in 95 per cent alcohol.
Note: On 12-18-34 the dog developed a marked watery diarrhea which
lasted for 2-3 days. Gradual personality change observed. Dog became
very unfriendly and snappy, and was difficult to manage during temperature
observations.
Protocol II. (1-9-35) Dog 46-female, tan and white collie, weight
17.3 kg. Sodium amytal anesthesia (2/3 of calculated full dose).
Attached to Leeds & Northrup temperature recorder. Lead I to the
right paw; lead II, left paw; lead III, rectum; lead IV, room temperature.
Temperature in constant temperature room set at 700 F.
The right and left femoral arteries were ligated just below Poupart's
ligament. The peripheral temperature (paws) fell to the temperature main-
tained in the room in 1X2 hours. The dog was placed on his belly.
Under aseptic precautions, the suboccipital approach to the fourth
ventricle was started. (Procedure as described in detail under Methods.)
The fourth ventricle was exposed and with a paracentesis knife a fairly
superficial lesion about 1 mm. in length was made on the right side, 1 mm.
above the obex in the caudad portion of the area postrema. The wound
was closed with silk sutures. An immediate bilateral response of peripheral
temperatures was observed after making the ventricular injury. The right
paw (lead I) registered a maximum rise of 250 F. after 30 minutes, the
left paw a rise of 220 F. in the same time interval. After two hours the
temperature of the paws was again that of the room.
After 10 hours from the beginning of the experiment, leads I and II
showed a fluctuating curve with transient elevations of the peripheral temper-
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ature. This occurred as the dog was gradually coming out of anesthesia.
A similar curve is observed in the -following six hours allowed for temperature
recording. The dog was returned to his cage.
1-10-35. First postoperative day. Generalized weakness, no neuro-
logical signs. Dog fairly alert and taking liquid nourishment. Head sensi-
tive to touch and pressure.
Postoperative temperature records.
1-12-25. Bilateral elevation of peripheral temperatures 15 to 200 F.
above room temperature.
1-19-35. "Normal" curve.
1-26-35. "Normal" curve.
2-1-35. "Normal" curve.
2-2-35. Bilateral elevation of peripheral temperatures 20 to 260 F.
above room temperature. (High initial temperature of lead I.)
2-12-35. "Normal" curve.
2-22-35. "Normal" curve.
2-23-35. "Normal" curve.
Dog sacrificed 2-26-35.
No wound infection or exudate noted. Cerebellum, pons, and brain
stem removed. No gross abnormality noted. Tissue fixed in 95 per cent
alcohol.
Protocol III. (1-21-35) Dog 50-male, tan and white collie, weight
17.72 kg. Sodium amytal anesthesia (Y4 of calculated full dose).
Attachment to Leeds & Northrup temperature recorder. Lead I, right
-paw; lead II, left paw; lead III, rectum; lead IV, room temperature.
The femoral arteries were ligated just below Poupart's ligament. After
ligation the peripheral temperature dropped to that of the room in about two
hours. Subsequently, the dog was prepared for the suboccipital approach to
the fourth ventricle. (Procedure essentially that described in detail under
Methods.)
After exposure of the floor of the fourth ventricle, a lesion was made
along the raphe which was clearly visible; the injury was a fairly superficial
one, made with a paracentesis knife, in length about 2 mm. commencing
2 mm. above the obex and carried through in a cephalad direction.
The wound was closed 15 minutes after the injury was made. An
immediate bilateral temperature rise was observed in the paws (see Chart I).
After 17 hours of temperature recording the dog was returned to his cage in
fairly good condition.
1-22-35. First day postoperative. The dog was fairly alert, took liquid
nourishment and water. Still drowsy from anesthesia.
1-24-35. A flaccidity in the right fore-limb was noted, which was
hindering the dog in walking. The weakness seemed most pronounced in
the distal joints. This condition cleared gradually in 2 weeks. No wound
infection noted.
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Postoperative temperature records.
Thirty-two records were obtained. Those records showing significant
changes are charted separately (see postoperative temperature records, Chart
II). The animal was sacrificed 8 months after operation, and each of the
32 records showed an elevation of the skin temperature in both hind limbs.
Protocol IV. (2-25-35) Dog 68-male, black and white mongrel,
weight 17.3 kg. Sodium amytal anesthesia (2/3 full dose calculated).
Dog was attached to Leeds & Northrup temperature recorder. Lead I,
right paw; lead II, left paw; lead III, rectum; lead IV, room temperature.
The femoral arteries (right and left) were ligated just below Poupart's
ligament. The temperature of the periphery dropped to that of the room
within 1Y2 hours.
The dog was prepared for the exposure of the floor of the fourth
ventricle by the suboccipital approach. (Procedure as described under
Methods.) The vermis was retracted, allowing about 1 cm. of the floor
of the ventricle to be visualized. A lesion was made on the left side about
1 cm. above the obex, probably including the most cephalic portion of the
area postrema. The lesion was superficial, and the wound was closed.
An immediate ipsilateral peripheral temperature rise was observed. The
maximum rise of 160 F. was achieved 15 minutes after the injury was made;
1Y2 hours after the injury the peripheral temperature again reached the
level of the room temperature. No further temperature changes were
observed during the 18 hours in which the animal was attached to the
recorder (See temperature records, Chart III). The animal was returned
to his cage.
2-26-35. First postoperative day. The dog was still very drowsy but
reacted to stimuli, such as pinching. No neurological changes noted except
that there was generalized weakness and a suggestion of flaccidity. Dog
alert and active in 3 days.
Postoperative temperature records.
Twenty-four records were taken. Those records showing changes have
been incorporated in Chart III. The elevation of temperature remained
constant for approximately 5 months; the animal was sacrificed 6 months
after operation.
Protocol V. (4-10-35) Dog 100-male, black and tan mongrel,
weight 19.1 kg. Sodium amytal anesthesia (2/3 of calculated full dose).
Dog was attached to the Leeds & Northrup temperature recorder. Lead
I, right paw; lead II, left paw; lead III, rectum; lead IV, room temperature.
Under aseptic precautions, the right and left femoral arteries were ligated
directly above the profunda femoris branch of this artery. Peripheral temper-
ature of the paws fell slowly (3Y2 hours) to the level of temperature main-
tained in the room.
After the peripheral temperature had fallen, the usual suboccipital
approach to the floor of the fourth ventricle was made under sterile pre-
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cautions. The area of the vermis was exposed, but the dura was left intact.
The dog's head was now turned on its left side, the trunk was allowed to lie
straight on the dog-board, thus allowing easy access to the region of the
femoral arteries.
A Kaufman-Luer syringe (2 cc.) was tied into each femoral artery and
connected by tubes containing Na citrate to a mercury manometer. Thus
it was possible to observe constantly the blood pressure in the left and right
lower extremities.
Blood pressure readings were taken at intervals of five minutes. When
the manometers showed that little change in blood pressure was being regis-
tered, the dura was incised. The vermis was exposed and retracted so that
about l cm. of the ventricular floor was exposed. With a paracentesis knife,
a small, fairly superficial lesion was made on the right side at the most
cephalad portion of the area postrema, as far lateral as possible, 1 cm. above
the obex. The wound was closed.
An immediate temperature response on the right side was noted, obtain-
ing its maximum of a 150 F. rise in 17 minutes. Two hours after the lesion
was made the temperature on the right had again reached the level of room
temperature. During the 14 hours in the constant temperature room no
further peripheral changes of temperature were noted.
The blood pressure registered at 100 mm. Hg at the commencement of
the operation. The following changes were recorded.
B/P: 90 mm. Hg-manipulation of head
100 mm. Hg-dura incised
110 mm. Hg-lesion made in floor of 4th ventricle
108 mm. Hg-closure of wound started
110 mm. Hg-closure ended
128 mm. Hg-3 hours after closure of wound
100 mm. Hg-fell to this level after further administration of
Sodium amytal.
4-11-35. Dog returned to cage, still under the effect of the anesthetic
and could be roused for a few minutes only. Respirations were very rapid
and shallow.
4-12-35. Dog was found dead in his cage this morning.
Autopsy: No infection of the head wound was seen. A small amount
of serosanguineous fluid was seen oozing from the dural opening. The cere-
bellum and brain stem were removed. There was a hemorrhage in the floor
of the fourth ventricle. A clot, about the size of a small pea, was found
lodged at the obex of the ventricular floor. The tissues were fixed in
95 per cent alcohol.
Protocol VI. (4-15-35) Dog 104-male, black and brown shepherd
mongrel, weight 21 kg. Sodium amytal anesthesia (3/4 of calculated full
dose).
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Under aseptic precautions, the right and left femoral arteries were ligated
above the profunda femoris branch. A temporary ligature was also placed
on each femoral artery just below Poupart's ligament. The peripheral
temperature of the paws fell to the level of the room temperature in 2X2
hours.
Subsequently, with sterile technic, the suboccipital approach to the region
of the vermis was started; after removal of the bone, the dura was left
intact. The dog's head was turned on its side, while the trunk was placed
on its dorsal aspect allowing access to the femoral arteries.
A Kaufman-Luer syringe was attached to each femoral artery. The
syringes were connected by a tube system, filled with 10 per cent Na citrate,
to a mercury manometer. Blood pressure readings were thus obtainable from
the right and left sides; readings were taken every five minutes.
With the blood pressure apparatus attached, the dura was incised and
two lesions, one superficial, the other deep, were made on the right side of
the floor of the fourth ventricle, 5 mm. above the obex, approaching the mid-
line without incising it. After the second deeper lesion, an immediate tem-
perature rise on the left, i.e., contralateral side to the lesion, was noted. The
maxmum rise of 160 F. was obtained in j/2 hour. One hour and 45
minutes after the lesion was made, the temperature of the left paw was again
at the level of the room temperature. No further changes were observed
during the next 16 hours of observation.
The blood pressure changes were as follows:
B/P: 142 mm. Hg-commencement of operation
130 mm. Hg-after manipulation of head
134 mm. Hg-after dural incision
170 mm. Hg-after cisternal puncture
100 mm. Hg-after exposure of floor of fourth ventricle
106 mm. Hg-after first lesion
94 mm. Hg-10 minutes following lesion
90 mm. Hg-after second lesion
106 mm. Hg-25 minutes after lesion
120 mm. Hg-after closure of wound
120 mm. Hg-3 hours after closure
Dog was returned to his cage.
4-16-35. Dog was very drowsy; did not respond to stimuli. Dog died
after profuse hemorrhage from femoral artery, accidentally incurred.
Autopsy: There was no wound infection evident. The brain stem and
cerebellum were removed. There was some serosanguineous fluid oozing
from the brain tissues. Evidence of a small hemorrhage was present in the
floor of the fourth ventricle. No blood clots were seen. Tissues were fixed
in 95 per cent alcohol.
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Date
1934
Exp. Dog
No. No.
7-27 1 290
8-27 2 297
9-12 3 298
9-14 4 299
9-19 5 300
9-27 6 1
9-28 7 2
10-11 8 3
10-19 9 11
10-29 10 14
10-31
11- 5
12-12
12-18
12-31
1935
1- 7
1- 9
1 11
1-14
1-21
1-25
2-13
2-25
3-11
3-13
3-15
3-29
4- 1
4- 3
4- 5
4-10
4-12
4-14
4-17
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
18
20
34
36
42
44
46
45
48
50
53
62
68
77
80
84
94
95
96
9E
ioa
102
104
10)
TABLE I
State of Lesion
Right cerebral peduncle at exit of N III
Pituitary, right side
Right temporal lobe and puncture of
ventricle III
Left mammillary body
Third ventricle
CC CC
CC cc
Mammillary body, right (McLean approacl
left
Fourth ventricle, right (low)
cc " " , left "
CC cc " ,right
cc
CC cc
c
CC
cc
c'
cc
CC
'cc
cc
CC
CC
CC
CC
'cc
CC
cc
CC
cc
CC
'cc
CC
CC
CC
CC
left
right and left
midline
, midline, right and left
, left and right
, left (high)
, right and left B.P
, left (low) B.P.
, left (hemorrhage) B.P.
, left (low) B.P.
, right " B.P.
CC CC B.P.
right, left, midline B.P.
right (high) B.P.
CC CC BP
right middle B.P.
left middle and midline
Reactions of Periph-
eral temperature
None
None
Bilateral
None
None
None
None
None
None
h) Bilateral (with
injury to pern-
osteum)
None
None
Bilateral
Bilateral
None
None
Bilateral
None
None
Bilateral
None
Right
Ipsilateral
None
None
None
None
None
None
None
Ipsilateral
None
Contralateral
B.P. None
Total lesion
Cerebral peduncle
Pituitary body
Third ventricle
Mammillary body
Fourth ventricle
Fourth ventricle with B.P.
No. of reactions
0
0
0
6
2
532
No. of dogs
I
6
4
11
10
0
1
k
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Discussion
An analysis of the experimental findings reveals that small cir-
cumscribed lesions made in the cerebral peduncle, pituitary body,
walls of the third ventricle, and mammillary bodies failed to
produce a peripheral vasodilatation or fluctuations in body tempera-
ture, under the prevailing experimental conditions. This lack of
vasomotor response suggests the possible existence of one or more of
several factors: (a) The possibility that the lesions were made in
regions devoid of either sympathetic fibers or nuclei, or both; (b)
The possibility of the presence of sympathetic elements at the site of
theinjuries but that insufficient sympathetic elements were destroyed
to produce an effective release of sympathetic control; (c) That
the severity of the operative procedures was such as to preclude
vasomotor response sufficient to establish collateral circulation in the
hind feet; (d) That the state of anesthesia and thetypeofanesthetic
used affected the areas from which it was hoped to provoke a par-
ticular function.
With these same factors at play, however, lesions in the floor of
the fourth ventricle showed a distinct, and frequently prolonged,
peripheral vasodilatation. This suggests that, at least in the caudal
third of the fourth ventricle, sympathetic elements are present in
sufficient number so that small circumscribed lesions are capable of
producing vasomotor changes. Previous work30 on the spinal cord
has shown that a sufficient number of sympathetic fibers must be
interrupted to accomplish a vasodilatation sufficient to overcome the
existing arterial ligation. Charts I, II, and III illustrate the
type of response obtained directly after the lesions were made, and
the thermic changes that remained for fairly long periods post-
operatively. One dog, sacrificed 8 months after operation, showed
a sustained and marked vasodilatation in his hind feet during the
entire period.
It has been found that a midline incision about 5 mm. in length
extending cephalad from the obex caused bilateral peripheral
thermic changes. A similar response was obtained from unilateral
lesions made about 1 mm. above the obex. However, a lesion made
about I cm. above the obex on one side caused an ipsilateral
temperature rise. Furthermore, a unilateral lesion made about
5 mm. above the obex, close to the median raphe, produced a con-
tralateral temperature rise. Histological studies of our material
will be presented later in a separate communication. A detailed
analysis of the microscopic preparations may indicate whether a
533YALE JOURNAL OF BIOLOGY AND MEDICINE
1 =s 1 41 S 4} 71 o 91 oa III 21 3 Is 1r rir-
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Showing the immediate rise in skin temperatures following an experimental lesion
in the floor of the fourth ventricle.
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Showing the prolonged elevation of skin temperatures following the acute experiment
represented graphically in Chart I.
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crossing of sympathetic fibers occurs in the floor of the fourth
ventricle.
It is of interest to note in the review of the literature that the
floor of the fourth ventricle and, particularly, the area postrema
and inferior fovea have been frequently considered as "centers"
influencing arterial blood pressure. In our series of experiments,
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Showing the unilateral rise in skin temperature following a lesion made in the left
side of the medulla.
these areas have been shown to effect a marked peripheral vasodila-
tation. However, it was impossible to find an interdependent rela-
tionship between the two functions. These observations need not
necessarily indicate that such an interdependence never exists. It
must be recalled that the experimental animal isplacedin anenviron-
ment particularly adapted to detect peripheral changes which, in the
light of our present knowledge, must still be regarded as an expres-
sion of an isolated function. The effects of sodium amytal anes-
thesia are known not to hinder the occurrence of peripheral thermic
changes, but little is known as to how this drug may affect a blood
pressure regulatory mechanism. The state of anesthesia induced is
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great enough to suppress all muscular activity. In other words, the
dog is not called upon to make any rapid functional adjustments.
The differences in adjustment an animal is capable of in a guarded
laboratory existence and in "normal" circumstances have been well
shown in the experiments of Cannon' on sympathectomized
animals. The present experimiental findings do not allow the denial
of such vasomotor interdependence, but only stress the fact that the
existing experimental conditions do not show such a relationship.
Certainly, there is no evidence to justify the superimposition of a
vasomotor "center" upon the site of a "center" that supposedly regu-
lates blood pressure changes.
The results of these experiments will not permit one to infer a
circumscribed central vasomotor center, but they do indicate the
existence of central connections for this particular physiological
function which may operate independently of blood pressure and
body heat control. These findings cannot be brought into agree-
ment with the belief of Laignel-Lavastine2' that the representation
of various organs and functions of sympathetic type are probably
located in the sympathetic ganglia; nor is there complete acceptance
of Spiegel's theory that all groups act as centers for several func-
tions, such as vasomotor changes, pilo-erection, and sweating, and
that various effects are produced by peripherally placed elements.
It seems more accurate to regard these experiments in the light of
Hess' definition," of a "physiological" center which may be distrib-
uted over several levels of the central nervous system, and may
include numerous anatomical centers.
The present study offers further experimental support to von
Monakow's24 concept of central representation of vegetative func-
tion, that it is a hierarchic system of a series of superimposed organi-
zations in which each organization is capable of a certain independent
function, but that the autonomy may at times be subjected to
influences from a higher level.
Summary of Experimental Results and Conclusions
1. By means of measuring peripheral thermic changes on dogs
under standardized environmental conditions, central influ-
ences on peripheral vasomotor activity were studied.
2. Circumscribed superficial lesions made in the third ventride,
cerebral peduncles, pituitary body, and mammillary bodies
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did not cause a vasodilator response in limbs whose main
arterial supply was previously obliterated.
3. Injuries to the caudal third of the floor of the fourth ventricle
produced definite vasodilator responses in the hind feet
whose main blood supply had been previously obliterated.
4. Studies of arterial blood pressure carried out simultaneously
with the operative procedures did not show, under the exist-
ing experimental conditions, a demonstrable interdependence
between peripheral, vasomotor, and blood pressure changes.
5. Lesions made in some areas considered as loci of body heat
regulatory centers did not demonstrate peripheral vaso-
motor reactions.
6. There is not sufficient evidence to entertain the belief that the
floor of the fourth ventricle harbors a circumscribed "center"
which regulates peripheral vasomotor activity.
7. It seems thatthe floor of the fourth ventride, in its caudal third,
contains a sufficient number of sympathetic elements, either
fibers ornudei, or both, so that small lesions release sufficient
sympathetic control to establish peripheral vasodilatation.
8. A theoretical proposition is advanced that under certain constant
experimental conditions, the peripheral vasomotor mechan-
ism would appear to act independently, but that in "physio-
logical emergencies" there may well exist an interdependence
between body temperature regulation, blood pressure
changes, and peripheral vasomotor activity.
REFERENCES
1 Aronsohn, E., and Sachs, J.: Die Beziehungen des Gehirns zur Korperwarme
u. zum Fieber. Arch. f. d. ges. Physiol., 1885, 37, 233.
2 Barbour, H. G.: Die Wirkung unmittelbarer Erwirmung u. Abkiihlung des
Warmezentrums auf d. Korpertemperatur. Arch. f. exper. Path. u.
Pharmakol., 1912, 70, 1.
3 Bayliss, W. M.: The Vasomotor System, 1923, pp. 52 and 68.
4 Bazett, H. C.: Further experiments on chronic decerebrate cats. [Abstract]
Am. J. Physiol., 1932, 101, 5.
5 Bazett, H. C., Alpers, B. J., and Erb, W. H.: Hypothalamus and temperature
control. Arch. Neurol. & Psychiat., 1933, 30, 729.
6 Bazett, H. C., and Penfield, W. G.: A study of the Sherrington decerebrate
animal in chronic as well as the acute condition. Brain, 1922, 45, 185.
7 Bruman, F.: Ein Beitrag zur Physiol. d. Zentralen Temperaturregulation.
Arch. f. d. ges. Physiol., 1929, 222, 142.538 YALE JOURNAL OF BIOLOGY AND MEDICINE
8 Brustein, S. A.: Localization of a vasomotor center in the medulla oblongata.
Klin. Wchnschr., 1933, 12, 910.
9 Cannon, W. B., Newton, E. F., Bright, E. M., Menkin, V., and Moore,
R. M.: Some aspects of physiology of animals surviving complete exclusion
of sympathetic nerve impulses. Am. J. Physiol., 1929, 89, 84.
10 Dittmar [quoted]: Ber. d. Sachs. Akad., Math.-Phys., 1873, 449.
11 Gordon, A.: The relation of withdrawal of cerebrospinal fluid to body temper-
ature; Consideration of a thermoregulatory center. Arch. Int. Med.,
1929, 44, 263.
12 Harvey, S. C., and Halpert, B.: Thermic changes after arterial ligation;
Section of spinal cord or posterior roots and ganglionectomy. J. Clin.
Invest., 1931, 10, 431.
13 Hasama, B.: Pharmakologische und physiologische Studien fiber die Schweiss-
zentren. II. Ober den Einfluss der direkten mechanischen, thermischen
und elektrischen Reizung auf die Schweiss sowie Warmezentren. Arch.
f. exper. Path. u. Pharmakol., 1929, 146, 129.
14 Hasama, B.: Pharmakologische und physiologische Studien fiber die Schweiss-
zentren. III. Zur Frage der Beeinflussung der Schweissekretion und
der Korpertemperatur durch die Medulla oblongata. Arch. f. exper.
Path. u. Pharmakol., 1930, 153, 257.
15 Hashimoto, M.: I. Mitteilung: Ober die spezifische OCberempfindlichkeit des
Warmezentrums an sensibilisierten Tieren. Arch. f. exper. Path. u.
Pharmakol., 1915, 78, 370. II. Mitteilung: ICber den Einfluss unmit-
telbarer Erwirmung u. Abkuihlung des Warmezentrums auf die Tempera-
turwirkung von verschiedenen pyrogenen u. antipyretischen Substanzen.
Arch. f. exper. Path. u. Pharmakol., 1915, 78, 394.
16 Hess, W. R.: (1) Die Funktionen des vegetativen Nervensystems. Klin.
Wchnschr., 1930, 9, 1009. (2) Die regulierung des Blutkreislaufes,
gleichzeitig ein Beitrag zur Physiologie des Vegetativen Nervensystems.
Thieme, Leipzig, 1930, pp. 162.
17 Isenschmidt, R., and Krehl: (1) Ober d. Einfluss des Gehirns auf die
Warmeregulation. Arch. f. exper. Path. u. Pharmakol., 1912, 70, 109.
(2) Isenschmidt, R., and Schnitzler, W.: Beitrag zur Lokalisation des
der Warmeregulation vorstehenden Zentralapparatus im Zwischenhirn.
Arch. f. exper. Path. u. Pharmakol., 1914, 76, 202.
18 Jacobi, C., and Roemer, C.: Beitrag zur Erklirung der Warmestichhyper-
thermie. Arch. f. exper. Path. u. Pharmakol., 1912, 70, 149.
19 Jelsma, F.: The antagonism between carotid and vertebral circulations with
respect to control of the heat regulating centers. Am. J. Physiol., 1930,
93, 661.
20 Keller, A. D., and Hare, W. K.: Heat regulation in medullary and mid-brain
preparations. Proc. Soc. Exper. Biol. & Med., 1931, 29, 1067-69.
21 Laignel-Lavastine: Pathol. du Sympathique, Paris, 1924.
22 Leiter, L., and Grinker, R. R.: Role of hypothalamus in regulation of blood
pressure. Arch. Neurol. & Psychiat., 1934, 31, 54.
23 Miller, F. R., and Bowman, J. T.: The cardio-inhibitory center. Am. J.
Physiol., 1915, 39, 149.VASOMOTOR RESPONSES AFTER BRAIN STEM LESIONS 539
24 von Monakow, P.: Central representation of vegetative function. Schweiz.
Arch. f. Neurol. u. Psychiat., 1933, 32, 194; 1934, 33, 20.
25 Miller, L. R.: Lebensnerven and Lebenstriebe. Julius Springer, Berlin,
1931.
26 Mulvihill, D. A., and Harvey, S. C.: Thermic changes after arterial ligation
and ganglionectomy. J. Clin. Invest., 1931, 10, 423.
27 Nemoto, M., and Sato, H.: Ober die Folge der Erwarmung des Karotiden-
blutes auf die Atmung beim Kaninchen, dem das Corpus striatum entfernt
oder der Kaltestich ausgefiuhrt ist. Tohoko J. Exper. Med., 1929, 14,
109-54.
28 Nordman, M., and Muller, O.: tOber die Lage eines blutdruckregulierenden
Zentrums in der Medulla oblongata. Klin. Wchnschr. 1932, 11,
1371-75.
29 Ott, I.: The interbrain, its relations to thermotaxis, polypnoea, vasodilation
and convulsive action. J. Nerv. & Mental Dis., 1891, 16, 431.
30 Oughterson, A. W., Harvey, S. C., and Richter, H. G.: Studies on the course
of vasomotor fibers as measured by thermic changes in the feet after
arterial ligation and section of the spinal cord at various levels. J. Clin.
Invest., 1932, 11, 1065.
31 Oughterson, A. W., Harvey, S. C., and Richter, H. G.: Observations on
sympathetic vasomotor pathways. Ann. Surg., 1932, 96, 744.
32 Owssjannikow: [quoted from Brustein, S. A., and Muller, L. R.]
33 Ozorio de Almeida, M., and Xavier, A. A.: Absence de polypnee thermique
chez les animaux decerebres. Comp. rend. Soc. de Biol., 1930, 104,
677-79.
34 Porter, W. T.: The vasotonic and vasoreflex center. Am. J. Physiol., 1914-
1915, 36, 418.
35 Porter, W. T., and Turner, A. H.: Further evidence of a vasofonic and a
vasoreflex mechanism. Am. J. Physiol., 1915-1916, 39, 236.
36 Ranson, S. W., and Billingsley, P. R.: Localization of vasomotor centers.
Am. J. Physiol., 1916, 41, 85.
37 Rogers, F. T.: On the stimulation of vagogastric medullary centers. Am. J.
Physiol., 1918, 45, 553; 1928, 88, 639.
38 Scott, M. M. D., and Roberts, F.: Localization of the vasomotor center. J.
Physiol., 1923, 58, 168.
39 Sherrington, 0. S.: Notes on temperature after spinal transection with some
observations on shivering. J. Physiol., 1924, 58, 405.